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Scheme 1. Possible equilibria for the complex formation of boronic acids (RB(OH)2) with diols 

























 %8ƞWaNb\deƃ) Scheme 2&ķ7&ƞ\deƃ(0%8WaN
b®(Ùƃ"	:WaNUC^®&3ƃťƑÎŜ¸¬:[9]Ɵ;5ƞƈ×å
















B = 4.40 pKa
Py = 8.27
+ H+




B(OH)2 B(OH)3HN HN B(OH)3N
pKa
B = 4.00 pKa
Py = 8.04
+ H+




Scheme 2. Acid dissociation equilibria and the pKa values of 3- (top) and 4-pyridylboronic acids
(bottom) in aqueous solution [9].
Scheme 3. Possible equilibria for the reaction of pyridylboronic acids (PyB(OH)2) with diols 
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Fig. 2. (a) Absorption spectra of the mixture of 3-pyridylboronic acid (0.1 mM) with D-fructose 

















































Fig. 3. (a) Absorption spectra of the mixture of 4-pyridineboronic acid (0.1 mM) and D-fructose 
(5.01 mM) at pH 1.35-9.95, and (b) pH dependence of absorbances at 250, 260 and 270 nm in (a).  
 
 
Table 1. Experimental conditions and conditional constants (Ka1
app and Ka2
app) for the reactions of 




B = 4.40, pKa
Py = 8.27 b) 
 4-Pyridylboronic acid 
(pKa
B = 4.00, pKa
Py = 8.04 b) 
CL / mM pKa1
app pKa2
app  CL / mM pKa1
app pKa2
app 
D-Fructose 10.1 3.7 7.7  10.2 3.2 7.5 
D-Mannose 50.2 4.0 7.9  50.0 3.6 7.7 
D-Galactose 50.0 4.1 7.7  49.9 3.6 7.6 
D-Glucose 50.3 4.2 8.1  50.0 3.7 7.8 
a CB = 0.1 mM.  
b Ref [9]. 
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Table 2. Equilibrium constants for the reactions of pyridylboronic acids with saccharides 
determined at I = 0.1 M (NaCl) and T = 25¡C 
Saccharide K1 K2 / M




B = 4.40, pKa
Py = 8.27 a) 
D-Fructose 1.6×10Ð2 4.0×102 1.8×103 7.6 
D-Mannose 1.2×10Ð3 3.0×10 9.7×10 7.8 
D-Galactose 7.9×10Ð4 2.0×10 1.3×102 7.5 
D-Glucose 4.6×10Ð4 1.2×10 2.7×10 7.9 
4-Pyridylboronic acid (pKa
B = 4.00, pKa
Py = 8.04 a) 
D-Fructose 5.2×10Ð2 5.2×102 2.0×103 7.4 
D-Mannose 3.0×10Ð3 3.0×10 8.9×10 7.6 
D-Galactose 3.0×10Ð3 3.0×10 1.2×102 7.4 
D-Glucose 2.0×10Ð3 2.0×10 5.0×10 7.6 
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 [BÕ] = [HPy+B(OH)2] + [HPy
+B(OH)3
Ð] + [PyB(OH)3
Ð]  (15) 
 
 [LÕ] = [H2L]      (16) 
 





 は KaB，KaPy，K1，および K3 を用いて式(18)のように表される．なお，式(18)の K1 および



















式(18)と Table 2 の平衡定数から求めた生理学的 pH（pH = 7.4）における K’値を，糖認識セ
ンサーの基本骨格として用いられるフェニルボロン酸と合わせて Table 3 に示す．
Table 3. Estimated conditional formation constants (K’) for the reactions of pyridylboronic acids 
with saccharides at physiological pH 7.4
Boronic acid pKaB
K’ / M–1 at pH 7.4
D-Fructose D-Mannose D-Galactose D-Glucose
3-Pyridylboronic acid 4.40 5.7×102 3.8×10 3.3×10 1.3×10
4-Pyridylboronic acid 4.00 8.2×102 4.2×10 4.8×10 2.6×10
Phenylboronic acid a 8.8 1.6×102 - 1.5×10 4.6
a Experimental data in Ref. [11]. Measured at pH 7.4 using 0.1 M phosphate buffer.
 本研究で検討した 4 種類の糖について化学平衡としての反応性を比較すると，おおむね
D-フルクトース >> D-マンノース ≈ D-ガラクトース > D-グルコースの順に K’値が小さく
なり，特に D-フルクトースに対して高い反応選択性があることがわかった．このような反
応選択性は他のボロン酸と同様であり[1–4]，Table 3 のフェニルボロン酸の結果とも一致し





























indistinguishable by the present analytical procedure
Scheme 4. Tri-coordinate complex formation of boronic acids with triols including D-fructose.
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Abstract: Equilibrium analyses for the chelate complex formation reactions between 
pyridylboronic acids (3- and 4-pyridylboronic acids) having two acid-dissociation sites and 
saccharides (D-fructose, D-mannose, D-galactose, and D-glucose) in aqueous solutions were carried 
out by using spectrophotometric pH titration methods. All the equilibrium constants involved in the 
boronic acidÐsaccharide reaction systems were successfully determined at I = 0.1 M and T = 25¡C. 
Further, the conditional formation constants (KÕ) at pH =7.4 for all the systems were estimated to 
obtain the information of the thermodynamic reactivity of boronic acids with saccharides at 
physiological pH.  On the basis of the KÕ values, the thermodynamic reactivity of the boronic 
acid-based chemosensors for saccharide recognition under the physiological conditions was 
discussed. 
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